Introduction {#sec1-1078155218778106}
============

With the advent of oral anticancer medications (OAMs), patients are having increased responsibility in managing their medications and thus face the challenges of maintaining optimal adherence.^[@bibr1-1078155218778106][@bibr2-1078155218778106][@bibr3-1078155218778106][@bibr4-1078155218778106]--[@bibr5-1078155218778106]^ Studies report suboptimal OAM adherence, which in many cases are comparable to other chronic medications.^[@bibr2-1078155218778106],[@bibr3-1078155218778106]^ This has significant clinical and economic implications related to the increased risk of hospitalization and associated costs of managing complications arising from non-adherence.^[@bibr6-1078155218778106]^ As a result, health programmes that incorporate effective interventions to improve medication adherence, both in the context of cancer and other chronic conditions, can have significant impact in terms of ensuring positive clinical and economic outcomes.^[@bibr7-1078155218778106][@bibr8-1078155218778106]--[@bibr9-1078155218778106]^ In this regard, the use of smartphone applications (apps) is increasingly being promoted as an efficient way of improving adherence.^[@bibr10-1078155218778106][@bibr11-1078155218778106]--[@bibr12-1078155218778106]^ Apps are amenable to delivering various educational and behavioural interventions while enabling caregivers and health professionals to monitor patients\' medication consumption patterns.^[@bibr13-1078155218778106],[@bibr14-1078155218778106]^

Continued engagement of end users in the process of development and implementation of adherence apps helps developers in identifying factors that influence acceptability and actual usage by patients and their caregivers.^[@bibr15-1078155218778106][@bibr16-1078155218778106]--[@bibr17-1078155218778106]^ This is particularly important as the success of an app ultimately depends on acceptance and usage by patients.^[@bibr11-1078155218778106],[@bibr18-1078155218778106][@bibr19-1078155218778106]--[@bibr20-1078155218778106]^ According to a recent study, 66.0% of surveyed cancer patients were reported to have interest in using apps in the management of OAM adherence. This study showed that patients\' age, education level, income and current use of a health app were significantly associated with interest in using an adherence app.^[@bibr21-1078155218778106]^ Apart from socio-demographic characteristics, the effect of patients\' attitudes and beliefs, on their intentions to use adherence apps is not well understood.^[@bibr21-1078155218778106]^ Thus, more in-depth analysis of the determinants of patients\' acceptance of adherence apps is necessary to facilitate adoption of such interventions.^[@bibr11-1078155218778106]^

Different studies have used various models of technology acceptance and health behaviour theories to explain acceptability of utilizing mobile technologies in health interventions, also known as mobile health (mHealth).^[@bibr11-1078155218778106],[@bibr22-1078155218778106],[@bibr23-1078155218778106]^ Notable examples in this regard are studies using the technology acceptance model (TAM) and its variants, which generally identify perceived usefulness and ease of use of a technology as the main determinants of users\' acceptance (assessed by individuals\' expressed behavioural intention to use the technology).^[@bibr18-1078155218778106],[@bibr24-1078155218778106][@bibr25-1078155218778106][@bibr26-1078155218778106][@bibr27-1078155218778106][@bibr28-1078155218778106][@bibr29-1078155218778106][@bibr30-1078155218778106]--[@bibr31-1078155218778106]^ Studies that used TAM-based models to evaluate acceptance of health technology have confirmed their predictive power of technology acceptance.^[@bibr28-1078155218778106]^ However, most of these studies incorporate added variables to the original TAM model or its subsequent variants.^[@bibr16-1078155218778106],[@bibr18-1078155218778106],[@bibr26-1078155218778106][@bibr27-1078155218778106]--[@bibr28-1078155218778106],[@bibr32-1078155218778106]^ This has led to variations in the specification of model components, which in turn is a reason for the absence of a standardised model with universal applications. As a result, it is difficult to find a single model of acceptability of app-based health interventions that is universally accepted. Moreover, there is limited research on the determinants of patients\' acceptance of adherence apps in the context of medications for cancer and other chronic disease conditions. This study, therefore, addresses the research question: what factors influence patients\' intention to use a mobile app for enhancing OAM adherence?

Methods {#sec2-1078155218778106}
=======

Study design {#sec3-1078155218778106}
------------

A qualitative study design using the grounded theory approach described by Charmaz was followed in this study.^[@bibr33-1078155218778106]^ The grounded theory approach was preferred as it enables investigation of important factors without having to subscribe to any one of the existing theories and avoids forcing respondents\' opinions into predetermined categories. The study was conducted, between December 2016 and March 2017, as part of the usability evaluation of an in-house developed prototype smartphone app-based e-health system, called MedFC, designed to promote OAM adherence.^[@bibr34-1078155218778106]^ The prototype system included a smartphone app for patients and a web-based system for clinicians. The smartphone app for patients included features to view the list of medications, access patient medication information leaflet, report and track medication adherence and side effects, and receive medication reminders. Using a web-based system that connected to the patient app via an online server, clinicians were able to build patients\' medication list, set up medication reminders, and monitor their adherence and symptom reports.^[@bibr34-1078155218778106]^ Before commencing each interview, participants were given a brief introduction about the overall functions of the prototype and a chance to explore its different features by themselves. This was done in order to ensure familiarity with an adherence app.

Study participants {#sec4-1078155218778106}
------------------

This study recruited patients and caregivers from the National Cancer Centre Singapore (NCCS), which is a multidisciplinary cancer care facility treating close to 70% of public sector cancer cases in Singapore.^[@bibr35-1078155218778106]^ Patients who were taking OAMs, 21 years of age or older, able to speak and understand English and had basic knowledge to use smartphones were eligible. Caregivers of eligible patients were also considered for participation. Spouses or caregivers were allowed to join the patient if the patient requested or agreed to their presence during the interview sessions.

Sampling techniques {#sec5-1078155218778106}
-------------------

During the initial phase of data collection, participants were purposively selected to take part in the study based on their willingness and ability to engage with the prototype adherence app and articulate their experiences and attitudes about the app. As the interviews progressed, the theoretical sampling approach was used to further develop the emerging categories based on analysis of initial interviews.^[@bibr33-1078155218778106]^ Potential participants were sought in such a way that subsequent interviews would further explicate the emerging grounded theory framework. As recommended by the grounded theory approach, the attainment of theoretical saturation, confirmed by absence of emerging categories in the last three interviews, was used as indicator to cease further participant recruitment.^[@bibr33-1078155218778106],[@bibr36-1078155218778106]^

Data collection {#sec6-1078155218778106}
---------------

Data collection was done using face-to-face interviews conducted at NCCS. The interviews lasted for 35 minutes to 1.5 hour and participants were encouraged to talk at length about their experiences with the prototype app, their intentions to use the system when it is rolled out and the considerations they would make in arriving at a decision to try using the app (Supplementary file 1). Interviews at the early stages of data collection were broad and open-ended, while more focused and specific questions were raised as conceptual categories emerged from analysis of initial categories. Two of the researchers conducted all interviews as interviewer (EA) and note taker (SC). All interviews were audio recorded and transcribed verbatim, which were then checked by a second researcher against the audio-records to ensure data quality. Participants were given a 30 Singapore Dollar shopping voucher for their time and participation. A total of 15 interviews were conducted and in three instances caregivers joined the interview sessions making the total number of participants to be 18. The characteristics of patient and caregiver participants are given in [Table 1](#table1-1078155218778106){ref-type="table"}. Table 1.Participant characteristics (N = 18).PatientsCaregiversTotal sample (18)153Gender Male72 Female81Ethnic background Chinese122 Other ethnicities^[a](#table-fn2-1078155218778106){ref-type="table-fn"}^31Age ≤54 years72 55--64 years4 ≥65 years41Marital status Single51 Married82 Divorced/widowed2Education level Secondary111 Pre-university and university42Site of cancer Breast cancer7n.a Colorectal cancer4n.a Other cancers^[b](#table-fn3-1078155218778106){ref-type="table-fn"}^4n.aPresence of chronic conditions other than cancer No other condition91 One or more chronic conditions62[^1][^2][^3]

Data analysis {#sec7-1078155218778106}
-------------

The Qualitative Data Analysis software in family R (RQDA) was used for analysis.^[@bibr37-1078155218778106]^ Coding of the interview transcripts was done after each round of interview and followed the three stages (initial, focused and theoretical coding) described by Charmaz.^[@bibr33-1078155218778106]^ During the initial coding phase, interview transcripts were reviewed line-by-line to inductively identify specific ideas to be coded. As the study progressed, focused coding was done to identify categories based on central codes that emerged during the initial coding stage. In the theoretical coding stage, the theoretical code "intending to use adherence app" was used as an overarching theme that captured the categories identified in focused coding. The constant comparative analysis of codes and interview data was used to refine the final categories and their relations to one another. Coding was done primarily by EA who had a graduate-level training and experience in qualitative study methods. A second researcher, SC independently coded the transcripts, and comparison of interpretations was done. All researchers had access to the data and constant team meetings were held to discuss and compare interpretations. Throughout the process of analysis, extensive memos were written to document the meanings of the codes, distinctions between codes, their relation to the raw data and decisions regarding data collection and analysis. Memos were entered on RQDA, which enabled linking them to categories and codes that were in turn linked to lines of text in the transcripts.

Ethics approval and ethical issues {#sec8-1078155218778106}
----------------------------------

The SingHealth Centralised Institutional Review Board approved the study protocol, and all participants were included in the study after obtaining their written informed consent. Before commencing analysis, confidentiality of participants\' responses was maintained by removing patient names and other potentially identifying information revealed during the interview.

Results {#sec9-1078155218778106}
=======

Intending to use adherence app: Considerations for acceptance {#sec10-1078155218778106}
-------------------------------------------------------------

In the context of this study, participants\' stated intention to use an app for the management of medication adherence determined their acceptance of the app. The factors that influenced participants\' acceptance of an adherence app were classified into two categories: facilitating factors and hindering factors. The facilitating factors were identified to be: facing difficulty in maintaining adherence and getting superior features over current methods. In contrast, the hindering factors were: lower perceived competence in using app, having to pay and lacking options for different languages ([Figure 1](#fig1-1078155218778106){ref-type="fig"}). Detailed description of the factors is provided below. Figure 1.Intending to use adherence app: patients\' and caregivers\' perspectives on considerations for acceptance.

Facing difficulty in maintaining adherence {#sec11-1078155218778106}
------------------------------------------

While some participants claimed never forgetting to take their medications, many mentioned that they missed their medications due to a variety of reasons. The main reason for missing doses was forgetfulness due to being busy, having complicated regimens, not getting used to dosage timings, failing to refill medications, and experiencing side effects. [Table 2](#table2-1078155218778106){ref-type="table"} provides a list of reasons for medication non-adherence together with appropriate quotes from the interviews. Participants mentioned these points as reasons for their intentions of using an app with medication reminders ([Figure 1](#fig1-1078155218778106){ref-type="fig"}). More specifically, patients who admitted non-adherence due to forgetting time of medication administration cited the presence of a dose reminder function as the main factor influencing their intention to use an adherence app. Similarly, the presence of a refill reminder was mentioned to be an important factor in deciding to use an app by patients who complained about forgetting refill dates. Table 2.Patients\' reasons for failing to maintain optimal adherence to oral anticancer medications.Reasons for non-adherenceQuotes from interviewsForgetfulness (due to being busy, having complicated regimens or not getting used to dosage timings)"*Some of us don\'t stick to the time. We just take. I haven\'t taken my medicine yet because I went somewhere so haven\'t taken my medicine*." (Patient 3, Female) "*But sometimes I also miss it because when... normally after food... then you go and do something then oh, forgot. Then you will skip*." (Patient 12, Male)Failing to refill medications in time*"Sometimes, I forget to take medicine. Forget to... like... uh... which day must come back and collect. For example, last year I was supposed to collect and then I forgot until this year January then I remembered"* (Patient 13, Female)Experiencing side effects"*My memory getting bad to worst already. But if I don\'t eat that medicine, I am okay. After the medicine, haywire already. \[if\] I drive ... I can go to the wrong road"* (Patient 6, Male)

Getting superior features over current methods {#sec12-1078155218778106}
----------------------------------------------

Patients employed different methods to help them adhere to their medication regimens, access information and manage other medication-related issues, such as side effects. The main strategies for maintaining adherence to OAMs included matching medication time with daily routines, relying on their own memory, verbal reminders from family members or domestic helpers, pill boxes and keeping records on a calendar. In many cases, patients accessed medication and other health-related information from the Internet, the patient information leaflet provided by the pharmacy and by word of mouth from fellow patients. Moreover, patients used notebooks, excel sheets and smartphone calendar apps to keep a record of their symptoms related to medication side effects. Some of them used such records to provide feedback to their doctor on their subsequent visits ([Table 3](#table3-1078155218778106){ref-type="table"}). Table 3.Strategies used by participants in managing oral anticancer medication-related problems.Strategies used in medication managementQuotes from interviewsMaintaining optimal adherence (integrating medication timing with daily routines, use pill boxes, reminding by family members, counting pills to check for refill)"*I always take my medication before I sleep, so I will put it next to me. So before I go to bed I will definitely open my drawer to take my medicine. This is my own routine and habit*." (Patient 13, Female) *"If I got medicine... I put it in the box, I know everyday I have to take... I have the one from Monday to Sunday... the pill box...so its easier."* (Patient 11, Female) *"For medication my wife will help out."* (Patient 2, Male) *"I still want to count my beans... \[laughs\] you know... see count my beans... count my medicine... okay... this is the medicine taken... okay... done"* (Patient 8, Female)Accessing and sharing medication information (Internet, patient information leaflets, fellow patients, pharmacists and physicians; use medication colour and size to communicate with others)*"I glance through \[the patient information leaflet\], then when I thought I understand then, I keep it*" (Patient 14, Female) *"When they give me the medication, I will ask the doctor... usually I will get the info all from the doctor"* (Patient 5, Female) *"Every time when my doctor recommend me a medication or a treatment... I will tell him... 'okay... give me time'... I go back and Google. Now, good thing about Google... you just type the drug... you type then every thing... what is the function of this drug... what is the side effect... people testimony after using it..."* (Patient 8, Female) "*You realize, some... the older generation... you ask them what drug they are taking... they don\'t know... they just say the green one, blue one*" (Caregiver 2, Male) *"We can share \[information\]... sometimes I meet these patients waiting for doctor, they share with me also. That\'s how I come to know that people are taking Chinese medicine"* (Patient 11, Female)Copping with symptoms (tell doctor on next visit, call the helpline at the cancer centre, monitor symptoms by recording on paper-based journal, Excel or smartphone app)*"In fact I keep a record each visit... lets say from today until the next visit, I will record the medicine that I take everyday. I do my own spread sheet, I also watch my any fever, any constipation... all this... I have a record. So, I am very particular... Just more than 2 days... if my bowel got problem I will call him already"* (Patient 12, Male) "*Good thing about smartphone... I go to my calendar... key in what ever I have... I input... so if I want to see my doctor... I just press \[the phone\]... I tell my doctor...*" (Patient 8, Female) *"What I do now currently I write... whatever I have, my side effects I write in a book. So when I come visit him \[the doctor\] after 3 weeks I just tell him"* (Patient 9, Male)

Participants expressed their intentions to use an adherence app because they thought it would either complement or be more useful than their current methods. Potential areas of superiority over participants\' current methods as identified from the interviews were: readily available medication list, credibility of medication information, being able to communicate symptom management issues with clinicians and tracking medication administration ([Figure 1](#fig1-1078155218778106){ref-type="fig"}). In some cases, using the app was considered better, as it was considered a more convenient and accurate reference to patient\'s list of medications and related information. Some participants explained their intentions to use the app from the point of provision of credible medication information when compared to their current sources of information. Reporting symptoms on an app that directly transmits to the hospital system was considered as a crucial feature that would compel patients to use the app. Participants, who relied on their own memory to remember medication timing, mentioned that they sometimes wondered if they had taken the previous dose of their medication at the time of the next dose or at the end of the day. That made them favour an app that could track medication administration and alert them if they were about to miss a dose ([Figure 1](#fig1-1078155218778106){ref-type="fig"}).

Lower perceived competence in using app {#sec13-1078155218778106}
---------------------------------------

Participants\' belief in their ability to learn and apply skills in using an app was identified as an important barrier to using an adherence app. For some participants, trying to use an app was found to be too difficult ([Figure 1](#fig1-1078155218778106){ref-type="fig"}). For others, their current skill levels were not that important in their decisions as they thought skills could be learnt by exploration of the different functions of the app by themselves or by seeking help from others.

Having to pay {#sec14-1078155218778106}
-------------

Having to pay for an app was an important factor in participants\' intention to use the app. For some participants, having to pay would discourage them from using the app ([Figure 1](#fig1-1078155218778106){ref-type="fig"}), and for others, they would only be willing to pay for some specific features in the app that they found crucial.

Lacking options for different languages {#sec15-1078155218778106}
---------------------------------------

The issue of language was raised from two important vantage points. For some, it was a matter of not being able to understand the language, and for others, it was just a matter of being more comfortable with a language other than what was used in the app. As the evaluated version of the app was available in English, the limited language option was identified to be a hindrance for acceptability ([Figure 1](#fig1-1078155218778106){ref-type="fig"}).

Discussion {#sec16-1078155218778106}
==========

This study identified important considerations users make in their intentions to use an adherence app. The conceptual framework developed in this study suggested various facilitating and hindering factors to users\' adoption intention of adherence apps. These findings make important contributions to the mHealth technology acceptance research and respond to the continued call for such research on apps and other tech-based tools for medication management.^[@bibr11-1078155218778106]^

Despite the use of a grounded theory analysis with an inductive approach and efforts to maintain reflexive thinking throughout the process, most of the factors identified in the study fit well within the models of unified model of health technology acceptance proposed by Sun et al. and the extended unified theory of acceptance and utilization of technology (UTAUT-2).^[@bibr26-1078155218778106],[@bibr31-1078155218778106]^ Facing difficulty in maintaining adherence was an important facilitator of adoption intention. This matches with the suggestion by Sun et al. that perceived vulnerability influences behavioural intention to adopt an mHealth intervention.^[@bibr26-1078155218778106]^ Our study further confirms the importance of including health behaviour constructs in the evaluation of technology acceptance in healthcare settings. This is in line with recommendations, by Holden et al., to treat adoption of health technologies not only as an issue of technology acceptance behaviour but also as a health behaviour.^[@bibr28-1078155218778106]^ Studies also support the importance of getting superior features over current methods in users\' adoption intention.^[@bibr19-1078155218778106]^ This concept corresponds with the constructs of perceived usefulness and performance expectancy identified in the unified model by Sun et al. and UTAUT-2, respectively.^[@bibr26-1078155218778106],[@bibr31-1078155218778106]^ In this regard, our study provides contexts that need to be considered in the evaluation of user acceptance of adherence apps.

Requirements of payment to use an adherence app were found to be hindrance factors in adoption intention. These were also identified in the response cost and price value constructs of the unified model and UTAUT-2.^[@bibr26-1078155218778106],[@bibr31-1078155218778106]^ This indicates that the cost of such apps should be seriously considered. Given the importance of medication adherence in the reduction of healthcare costs, health systems should also consider free provision of adherence apps to patients who can benefit most from them.^[@bibr6-1078155218778106]^ In line with other studies, our findings also suggest the effect of perceived competence in using an app on adoption intention.^[@bibr17-1078155218778106],[@bibr26-1078155218778106],[@bibr31-1078155218778106]^ This finding implies the importance of designing user-friendly interfaces and the need to educate patients about how to use an app.

Implications for practice {#sec17-1078155218778106}
-------------------------

Clinicians and developers of adherence apps should always remember the fact that many patients employ some methods to cope with their medication management needs. This necessitates designing solutions that have relative advantage over existing methods. Patients generally want enhanced features that offer better convenience, credibility, tracking capabilities and two-way communication with clinicians to enable management of side effects and adherence problems. Such demands go beyond the capabilities of most adherence apps, which focus on medication reminder functions.^[@bibr10-1078155218778106]^ At this point, it is important to note that the inclusion of additional features do not only facilitate user acceptance but also make the app more effective in improving adherence. This is because adherence is a complex issue influenced by patient knowledge, side effects and motivation to take medication, which necessitates the use of multi-component strategies to address it.^[@bibr4-1078155218778106],[@bibr5-1078155218778106],[@bibr9-1078155218778106]^ Developers should also strive to meet the low level of technology competence and language requirements of potential patients by designing more user-friendly adherence apps with options for multiple languages especially in the context of multicultural environments.^[@bibr10-1078155218778106]^

Strengths and limitations {#sec18-1078155218778106}
-------------------------

The use of a qualitative study design with the grounded theory approach provided an in-depth understanding of the factors that determine acceptability of an OAM adherence app. However, the findings of this study should be interpreted with some limitations in mind. First, it should be noted that the conceptual framework described in this study is based on participants\' expressed intentions to use an adherence app, not actual usage. However, the effect of this limitation may not be that significant as various studies have consistently demonstrated that behavioural intention reliably predicts actual usage.^[@bibr24-1078155218778106],[@bibr28-1078155218778106]^ Secondly, patients\' opinions may vary with their cultural backgrounds and experiences. Although efforts were made in this study to ensure variations in opinions and depth of understanding, the applicability of the findings in other settings should be interpreted with caution. Further research with quantitative components is required to evaluate the effectiveness of the current conceptual framework in explaining behavioural intentions and continued utilisation of adherence apps in a variety of settings.

Conclusion {#sec19-1078155218778106}
==========

A conceptual framework of facilitating and hindering factors for adherence app adoption intention was developed in this study. This framework provides clinicians and app developers\' insights on factors that influence the successful adoption of app-based interventions for medication adherence. Developers of adherence apps will benefit from engaging patients early in the design process as this will help in designing an app with relative advantages over patients\' current methods. Implementation of app-based programs should also consider the financial, technological and language barriers for end users.
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